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(54) ELECTROSTATIC INDUCTION SEMICONDUCTOR 
DEVICE 

(57) Abstract 

PURPOSE: To provide an electrostatic induction 
semiconductor device which can be quickly turned off 
and, at the same time, can protect a gate insulating 
film from an excessively high drain voltage when the 
device is turned off. 

CONSTITUTION: A contact area 18 raving a 
high-impurity concentration and second type conductivity 
is formed adjacent to a gate Insulating film 14 on the 
surface of the drain area 11 of an electrostatic 
induction semiconductor device and the area 18 and a 
source area 17 are commonly connected to a source 
electrode 19. Or, at least part of the drain area 11 is 
directly brought into contact with the source electrode 
19 and a Schoitky junction 25 is formed between the 
contact surfaces of Die area 11 and electrode 19. 
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[0013] 

Fig. 1 is a cross sectional view of an electrostatic induction thyristor. which is a 
first embodiment of an electrostatic induction device according to the present invention. 
In Fig. 1, a reference numeral 11 denotes an n- type drain region, and a reference 
numeral 12 denotes a p+ type drain region. A drain electrode 13 is formed on a rear 
surface of the p+ type drain region. 

[0014] 

Plural grooves each of which has a surface perpendicular to a depth direction of 
the n- type drain region 11 are formed on a surface of the n- type drain region 11. A 
gate insulating film 14 is formed on an interior surface of each of these grooves. Also, a 
reference numeral 15 denotes a gate electrode formed inside the gate insulating film 14, 
a reference numeral 16 denotes an interlayer insulating film formed on the surface of 
the gate electrode 15. Accordingly, an insulating gate of the thyristor according to the 
embodiment is buried in the surface of the n- type drain region 11. The insulating gate 
is constituted by the gate electrode 15 and the gate insulating film 14. 

[0015] 

A reference numeral 17 denotes an n+ type source region formed on a surface of 
a portion of the n- type drain region 11 between the gate insulating films 14 that are 
adjacent to each other. A reference numeral 18 denotes a p+ type contact region 
formed on a surface of a portion of the n- type drain region 11 between the n+ type 
source region 17 and the gate insulating film 14. In the embodiment, the n+ type 
source region 17 and the gate insulating film 14 do not directly contact each other, and 
they contact each other through the p+ type contact region 18. 

[0016] 

A reference numeral 19 denotes a source electrode. This source electrode 19 is 
formed so as to contact all of the surface of the n+ type source region 17 and the surface 
of the p+ type contact region 18. 

[0017] 

The concentration of impurity in the n+ type source region 17 is set to a value 
which is equal to or higher than 5 x 10 19 cm" 3 . The n+ type source region 17 is 



ohmically connected to the source electrode 19. Also, the P+ contact region 18 is 
ohmically connected to the source electrode 19. In the following description, the n- 
type drain region 11 between the gate insulating films 14 that are adjacent to each other 
will be referred to as "a channel region" 20 of the semiconductor device according to the 
embodiment, a reference letter H will denote a distance between the gate insulating 
films 14 that are adjacent to each other, a reference letter L will denote a depth from a 
bottom portion of the n+ type source region 17 to a bottom portion of the gate electrode 
15, and the distance L will be referred to as "a channel length" of the semiconductor 
device according to the embodiment. 

[0018] 

Next, operation of the electrostatic thyristor according to the embodiment will 
be described. First, the source electrode 19 is grounded, positive voltage is applied to 
the drain electrode 13. In order to turn the thyristor off, low negative voltage is 
applied to the gate electrode 15. Since the potential of the gate electrode 15 is set to 
low negative potential, a depletion layer is formed in the n- type drain region 11 at a 
portion in the vicinity of the gate insulating film 14. This depletion layer depletes the 
aforementioned channel region 20, which interrupts an electric current passage 
between the n+ type source region 17 and the p+ type drain region 13. As a result, the 
thyristor is turned off. 

[0019] 

While there is the depletion layer in the vicinity of the gate insulating film 14, 
an inversion layer is formed on the surface of the gate insulating film 14 due to positive 
holes. Since the inversion layer contacts the p+ type contact region 18 on the surface of 
the n- type drain region 11, the potential of the inversion layer is maintained at a 
constant value, which is the same as the potential of the p+ type contact region 18, and 
accordingly the potential of the source electrode 19. 

[0020] 

Next, in order to turn the thyristor on, positive voltage is applied to the gate 
electrode 15, and an accumulation layer is formed in the vicinity of the gate insulating 
film 14 due to electrons, instead of the inversion layer that is formed due to positive 
holes. Thus, the electrons conducted from the n+ type source region 17 flows from the 
bottom portion of the gate insulating film 14 to the n- type drain region 11 through the 
accumulation layer in the vicinity of the gate insulating film 14. As a result, the 



thyristor is turned off. Therefore, drift resistance in the channel region 20 becomes 
negligible while the thyristor is on. 

[0021] 

Thus, when the thyristor is turned on, and the conduction electrons are emitted 
from the n+ type source region 17 to the n- type drain region 11, the positive holes are 
emitted from the p+ type drain region 12 to the n- type drain region 11, and the n- type 
drain region 11 is brought into a high level injection state. As a result, the conductivity 
of the n-type drain region 11 is modulated, and the resistivity thereof is significantly 
reduced. 

[0022] 

Further, in order to turn the thyristor off again, low negative voltage is applied 
to the gate electrode again, and the inversion layer is formed in the vicinity of the gate 
insulating film 14, due to the positive holes instead of the accumulation layer that is 
formed due to the electrons. Immediately after the negative voltage is applied, the n- 
type drain region 11 is in the high level injection state, and there are a large number of 
positive holes in the n- type drain region 11 in the vicinity of the n+ type source region 
17. However, this region also contacts the p+ type contact region 18, and the positive 
holes flows quickly to the source electrode 19 through the inversion layer in the vicinity 
of the gate insulating film 14 and the p+ type contact region 18. Therefore, the n- type 
drain region 11 in the vicinity of the n+ type source region 17 is quickly brought out of 
the high level injection state. Thus, a depletion layer is formed in the channel region 
20, and the electric passage between the p+ type drain region 13 and the n- type source 
region 17 is interrupted. As a result, the thyristor is turned off. 

[0041] 

Fig. 11 is a cross sectional view of an electrostatic induction thyristor which is a 
third embodiment of the electrostatic induction semiconductor device according to the 
present invention. In the embodiment, the n- type drain region 11 and the source 
electrode 19 directly contact each other, instead of providing the p+ type contact region 
20, and Schottky junction is formed therebetween. 
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